RNA of Tobacco Mosaic Virus is shown to be able to migrate into isolated mouse liver mitochondria, whence it can be reisolated intact. The migration of RNA is accompanied by enhanced rate of protein synthesis, which is sensitive to chlorampheniool, but not to cycloheximide. Evidence is presented showing that, among the products formed is the coat protein of Tobacco Mosaic Virus.
INTRODUCTION
In a recent communication we showed that, under appropriate incubation coditions, mitochondria of Tetrahymena pyriformis are capable of translating RNA of rabbit reticulocytes to form the a and ( 3 chains of rabbit globin (1) . Ample evidence that exogenous RNA, either of nuclear origin or synthetic, may enter mitochondria, has been presented in the past by a number of groups (2, 3) including ours (4, 5) .
In the present work we investigated the migration of a viral RNA into isolated mitochondria, its fate within the organelles, and finally the ability of the mitochondria to translate the genetic information of the viral genome into specific products.
MATERIALS AND METHODS
Tobacco Mosaic Virus (TMV) was grown on leaves of tobacco plants Nicotiana Tabaccum. The virus was harvested from the leaves and purified as descrived by Fraenkel -Conrat (6).
TMV-RNA was isolated by phenol bentonite extraction according to the method of Fraenkel-Conrat et al (7) . TMV -coat pro-tein was precipitated from the phenol layer by adding ten volumes of methanol and a few crystals of sodium acetate. The precipitate was washed with methanol and ether.
Mitochondria were obtained from livers of mice of the pure inbred strain C2Hb, according to the method of Hogeboom (8) Electrophoretic analysis on polyacrylamide gels of RNA was performed according to Loening's method (13) and of proteins as described by Weber and Osborn (14) . Whenever required, proteins were stained by means of Coomassie blue.
Migration of TMV-RNA into isolated mitochondria was tested by a procedure described in detail elsewhere (5). Amino acid incorporation into mitochondrial proteins was assayed as described in (1) overnight. Radioactive precipitates were counted in a dioxane scintillation cocktail after treatment with formic acid in a boiling water bath. Table 1 shows that TMV-RNA, like all other RNA species tested thus far, is capable of migrating into isolated mitochondria. The extend of migration is approximately 2% of the RNA offered. In experiment 4 of Table 1 the distribution of radioactivity in the submitochondrial fractions was as follows: outer membranes -1200 cpm, inter membrane material -250 cpm and outer membrane -free mitochondria -580 cpm. An aliquot of the mitochondria of experiment 5 in Table 1 isolated total RNA was analyzed by electrophoresis on 2.6% polyacrylamide gels. Fig.1 shows one major peak of radioactivity that coincides exactly with the position to which untreated TMV-RNA-I moves under the same experimental conditions. As in the case of nuclear RNA (5), TMV-RNA does not undergo degradation inside the mitochondria. bited by chloramphenicol but not by cycloheximide ( fig.3 ).
RESULTS
To test whether TMV -coat protein is formed within mitochondria in the presence of TMV-RNA, mitochondria were preincubated in Eagle's medium for 10 min in the presence and absence (control) of TMV-RNA. The preincubated mitochondria were isolated from the medium by centrifugation, washed with buffered sucrose solution in the presence of EDTA and mercaptoethanol to exclude contaminating nonmigrated RNA and were then incubated with radioactive amino acids under conditions described in detail in (1) . Mitochondrial proteins were analyzed by means of polyacrylamide gel electrophoresis. Fig.4 is a representative electrophorogram that shows the appearance of a radioactive peak in the exact position that purified TMV -coat protein moves, only when mitochondria were preincubated with TMV-RNA. Each tube contained mitochondria (1.2mg protein/ml) preincubated in Eagle's medium with TMV-RNA (30ug/ml). Amino acid incorporation into protein was assayed as described under Materials and Methods in text, by including 5uCi 14c-protein hydrolysate (57mCi/mAtom Carbon) per ml of incubation medium.
•-• In the presence of cycloheximide, 0-0 in the presence of chloramphenicol. Until evidence is obtained that the mechanism of translation of exogenous informational RNA by mitochondria is also operative _in vivo, we may not speculate on the biological significance of this process. The discovery by Kara and his group (16, 17) of the presence and biosynthesis of subviral oncogenic ribonucleoprotein particles in mitochondria from
Rous sarcoma tissue, constitutes indirect evidence that such a mechanism may indeed be operative in vivo. Irrespective of this aspect, however, we wish to point out that the present, as well as our previous work (1), has shown that the mitochondrion is a "packaged" cell-free protein synthesizing system that may translate a diversity of informational RNAs.
